Aim: To evaluate the incidence of and risk factors for ocular complications in multibacillary (MB) leprosy patients during their 2 year, fixed duration, multidrug therapy (MDT). Methods: Periodic eye examinations were conducted prospectively on a cohort of 301 consecutive newly diagnosed MB patients every 6 months during their 2 year course of MDT. Incidence of ocular pathology was calculated as the number of events per person year of event free follow up of patients who did not have the specific finding at baseline. Results: 292 (97%) patients had one or more follow up visits. The incidence of lagophthalmos was 1.2%/patient year (95% CI 0.5% to 2.8%); corneal opacity was 7.4%/patient year (95% CI 5.1% to 10.6%); uveal involvement was 5.1%/patient year (95% CI 3.3% to 7.8%), and cataract that reduced vision to 6/18 or less was seen in 4.3%/patient year (95% CI 2.7% to 6.9%) of patients. Overall, 23 individuals (5.8%/patient year, 95% CI 3.9 to 8.8) developed leprosy related potentially blinding pathology during the 2 years of MDT. Conclusions: Approximately 20% of patients with MB leprosy can be expected to develop ocular complications of leprosy during a 2 year course of MDT, many (11%) of which are potentially vision threatening. Ophthalmological monitoring to detect and treat ocular complications at defined intervals during MDT is indicated. L eprosy is a chronic infection that can be classified clinically into paucibacillary leprosy (PB), in which patients have a relatively intact cellular immune function against Mycobacterium leprae and consequently low bacillary loads, and multibacillary leprosy (MB), in which patients have markedly impaired cellular immunity and high bacillary loads.
L
eprosy is a chronic infection that can be classified clinically into paucibacillary leprosy (PB), in which patients have a relatively intact cellular immune function against Mycobacterium leprae and consequently low bacillary loads, and multibacillary leprosy (MB), in which patients have markedly impaired cellular immunity and high bacillary loads.
Antileprosy multidrug therapy (MDT), given until recently as a standard regimen of 2 years' duration, has revolutionised the management of leprosy worldwide. While there are indications that the incidence of leprosy may be declining, the number of people taking MDT worldwide remains large (407 791 in 2004) . 1 Accompanying the reduction in prevalence there has been a gradual shift in the proportion of the type of leprosy from the PB to the MB form, as well as a shift to an older age at diagnosis of disease. 2 The expansion of MDT programmes at a global level has given rise to hopes that disability and the other complications of leprosy need not occur as long as a person completes the required duration of therapy. However, monitoring of disability rates following diagnosis and treatment has been problematic because of the changes in definitions, particularly for ocular disabilities in leprosy patients. In particular, the extent to which complications of leprosy continue to occur during MDT has been unclear. 3 4 Our previous work demonstrated that at the time of leprosy diagnosis, about 11% of MB leprosy patients have one or more significant leprosy related eye complications. 5 These complications were more common with increasing age, a short duration between onset and diagnosis, and when a previous reaction involving the face had been diagnosed. Individuals with ocular pathology at baseline also were three times as likely to have other disabilities (hands and feet) as individuals without ocular pathology.
While prevalence studies have documented ocular morbidity in leprosy patients on MDT, it has been impossible to differentiate pathology that was present at the time of initiation of MDT from incident ocular pathology during MDT. 6 While it is hoped that MDT would prevent the occurrence of further complications, pre-existing nerve damage, compounded by continuing reactions, may make it difficult to prevent the evolution of additional complications in these individuals. Knowledge of the magnitude and nature of incident morbidity in leprosy patients on treatment is critical from the programmatic point of view, in order to prevent and manage such complications expeditiously and effectively in worldwide programmes. Such information also could identify potential risk factors that may be amenable to intervention. We conducted a prospective study in India to determine the incidence of ocular complications in MB leprosy patients and associated risk factors and report our findings here.
MATERIAL AND METHODS
Details of the methods of the study have been published previously. 5 Briefly, all new, clinically diagnosed MB patients as defined by the World Health Organization starting on a 2 year multidrug therapy and living within the leprosy control area of the Schieffelin Leprosy Research and Training Center in southern India were invited to participate. Recruitment of patients was started in 1991 and completed in 1997. Consenting patients received a baseline ocular examination followed by prospective biannual examinations during MDT. Fifteen patients (13 men and two women) opted not to participate in the study. Based on sample size calculations taking into account possible losses to follow up resulting from migration and mortality, 301 MB leprosy patients were enrolled over a period of 6 years. Patients not returning for examination were contacted by public health workers in their own community to encourage follow up. Research methods and protocols were approved by the institutional review board of the Schieffelin Leprosy Research and Training Center, and were conducted in accordance with the principles of the Declaration of Helsinki. All patients were examined and treated free of charge.
At enrolment, the following leprosy characteristics were recorded; the type of MB leprosy based on the clinical classification of Ridley and Jopling 7 ; WHO deformity grading of hands and legs 8 ; the bacterial index calculated from the results of the acid fast staining of smears from specific skin sites 9 ; type 1 (reversal reaction) or type 2 (erythema nodosum leprosum) reactions; history of hypopigmented or erythematous patches on the face.
At each visit, the following ophthalmic characteristics were recorded; visual acuity (with and without correction); presence of orbicularis oculi weakness, lagophthalmos (with both gentle and forced closure), ectropion, entropion, trichiasis, corneal opacity, corneal ulcer, episcleritis, scleritis, clofazamine crystals on the cornea or conjunctiva, flare and cells, posterior synechia, small pupil, sluggish pupillary reaction to light, iris atrophy, and cataract. When synechia or cataract were suspected, mydriatic drops were instilled and the patient was re-examined to confirm the diagnosis. For purposes of the analyses reported here, cataract was defined as the presence of lens opacity observed during slit lamp examination or distant direct ophthalmoscopy consistent with a corrected visual acuity of 6/18 or worse. Patients free of cataract at enrolment who underwent cataract surgery during follow up also were considered to have developed cataract.
Best corrected visual acuity was measured with Snellen's chart by a trained examiner. After examination of the adnexae, slit lamp biomicroscopy was done on all patients.
Applanation tension was recorded in the upright position. Direct ophthalmoscopy without dilatation was performed in all cases during each visit; patients with decreased vision or with intraocular complications had dilatation and indirect ophthalmoscopy.
Incidence of ocular pathology was calculated as the number of each kind of event observed per person year of event free follow up while taking MDT among patients who did not have the specific finding at baseline. Information on patients following their last visit during treatment with MDT was not included in this report. Statistical analysis was conducted with the unit of observation being the individual rather than the eye. In addition, we created a number of grouped characteristics to describe the incidence of complications. Leprosy related ocular pathology (LROP) was defined as presence of any of the following: lagophthalmos, corneal nerve beading, corneal opacity, punctate keratitis, and observations indicative of uveal involvement (flare and cells, keratic precipitates, and/or iris atrophy). LROP was created to define all leprosy related ocular conditions, regardless of their contribution to disability or vision loss. Potentially blinding leprosy related ocular pathology (PBLROP) was defined as presence of any of the following-lagophthalmos and/or uveal involvement-constituting those leprosy related conditions known to be associated with disability or vision loss. Corneal opacity was not included under PBLROP as it could not be attributed to leprosy or associated with a drop in visual acuity.
Cox proportional hazards regression was used to analyse the occurrence of specific findings according to demographic and clinical characteristics associated (p,0.05) with pathology by univariate analysis. p Values, hazard ratios (HR), and 95% confidence intervals (CI) were generated. 
RESULTS
A total of 301 MB patients were enrolled. During the 2 year MDT treatment period 28 did not complete follow up (9.3%), comprising 14 deaths, six refusals, and eight migrations. Nine of these patients did not have any follow up visits after enrolment; thus, the analysis is based on 292 patients (97%) followed either until completion of MDT or until death or migration, whichever occurred earlier. The dropouts did not differ significantly in baseline characteristics from those who completed their 2 years of MDT.
Over the 2 year follow up, 16 patients (4.2%/patient year, 95% CI 2.5% to 6.8%) had their presenting vision of more than 6/18 reduced to 6/18 or worse and, among these, six patients became severely visually impaired (less than 6/60 vision in one or both eyes). In three severely visually impaired patients, the visual impairment was the result of cataract alone, one patient had cataract as well as a corneal opacity, another had cataract and pterygium and the other had cataract and lagophthalmos. One individual had bilateral cataract surgery during MDT, resulting in visual improvement from 3/60 to 6/24 (right eye) and 6/36 to 6/24 (left eye). The cumulative incidence of specific ocular morbidity during the 2 year fixed MDT by person years (patient year) is given in table 1.
The incidence of lagophthalmos was 1.2%/patient year (95% CI 0.48% to 2.76%), with five patients affected. Over an average of 1.576 years under observation, three patients developed lagophthalmos at the beginning of the seventh month after starting MDT, one at the end of the first year and one at the beginning of the last quarter of the second year after therapy (1.75 years). Although infrequent, incident lagophthalmos was found to be significantly associated with grade 2 deformity in all of the limbs (HR 9.68, 95% CI 1.07 to 87.41) (table 2).
All of the incident lagophthalmos cases occurred in borderline lepromatous (BL) patients, with none in the lepromatous leprosy (LL) patients. Patients with history of face patches or those presenting with type 1 or type 2 reactions at enrolment did not have a significantly higher incidence of lagophthalmos. None of the patients with or without lagophthalmos developed entropion or corneal ulcers.
Twenty nine individuals (7.4%/patient year 95% CI 5.1% to 10.6%) developed corneal opacities during follow up. Smear positivity at enrolment was associated with reduced risk of incidence of corneal opacities during MDT (HR = 0.38, 95% CI 0.18 to 0.81). Other factors tested, including reduction of visual acuity to 6/18 or less, were not significantly associated with incidence of corneal opacities (table 3) . Characteristics indicating occurrence of uveitis during follow up (flare and cells and/or keratic precipitates and/or iris atrophy) were observed during MDT in 21 individuals (HR 5.1%; 95% CI 3.3% to 7.8%). Uveitis was significantly associated with grade 2 deformity in all the limbs (HR 4.6, 95% CI 1.06 to 19.85), but not with other characteristics (table 4) . Survival analysis demonstrated that the incidence of uveal involvement and corneal opacities occurred evenly over the 2 years of MDT, with approximately a 25% chance of developing them during the first 6 months after starting MDT, 50% after 1 year and 75% after 1K years.
Overall, there were 37 individuals (9.9%/patient year, 95% CI 7.2% to 13.7%) with LROP-one or more of the complications studied. Refining our definition of eye pathology to include only PBLROP reduced the number of people affected to 23 individuals (5.8%/patient year; 95% CI 3.9% to 8.8%). The most common PBLROP was uveal involvement. PBLROP was significantly associated (p = 0.036) with grade 2 deformity in all limbs (HR 4.74/patient year, 95% CI 1.11 to 20.31); no other variables were significantly associated with LROP or PBLROP (tables 5 and 6). Multiple regression analyses confirmed each of the significant risk factor associations reported above, with the exception that the association between uveitis and grade 2 deformity was reduced (p = 0.109) after adjusting for other variables (HR 3.4%/patient year 95% CI 0.76 to 15.14). *SE, standard error; 95% CI, 95% confidence interval; LROP includes muscle weakness, lagophthalmos, ectropion, entropion, trichiasis, episcleritis, scleritis, corneal nerve beading, punctate keratitis and uveal conditions; LL = Lepromatous leprosy, BL = Borderline lepromatous leprosy.
DISCUSSION
Findings from this prospective study suggest that LROP will occur in approximately 10% of newly diagnosed MB patients between the time of their initiation of MDT treatment and completion of a standard 2 year regimen. Vision loss, mostly as a result of cataract had a potential for improvement with cataract surgery. [10] [11] [12] Leprosy related uveal involvement accounts for a large proportion of the complications observed, which could reflect continued M leprae activity in the host tissues in the eye, or could reflect a para-infectious mechanism of autoimmune inflammation. [13] [14] [15] [16] Further observation of the outcomes and clinical course of uveitis is needed to assess the contribution of leprosy related uveal involvement to long term damage of intraocular structures, to the development of cataract and, finally, to vision loss. Detection of uveitis requires slit lamp examination and specialised training, suggesting that certain ocular complications of leprosy during MDT cannot be managed effectively without the input of an ophthalmologist.
Incident lagophthalmos was relatively infrequent in this cohort and most of the cases occurred during the first 6 months of MDT. Monitoring of patients during the early period after institution of MDT may be particularly important. As well as previous work, 17 18 baseline findings from this cohort showed that, at leprosy diagnosis, the presence of lagophthalmos was associated with facial patch. 5 It was hypothesised at the outset of the study that incident lagophthalmos would be more frequent in patients with face patches and those with type 1 reactions; however, with the limited number of cases of lagophthalmos observed it was not possible to test this hypothesis with adequate statistical power.
Corneal opacities occurred in nearly 8% of patients per person year, but typically were small and peripheral in location, such that vision was not affected. The burden of visual morbidity caused by corneal opacification was less than anticipated. The appearance of opacities was not consistent with unrecalled trauma. They were more frequent among clinically diagnosed MB patients whose bacterial skin smears were negative for acid fast bacilli than those with positive smears. However, other locally occurring ocular complications including lagophthalmos, trichiasis, other lid deformities and inflammatory conditions were similarly distributed between smear negative and smear positive patients. One possible explanation of this observation, if clinically diagnosed MB leprosy is taken to cover a spectrum of immune competence against M leprae, is that patients whose smears were negative may have had relatively greater immunity against pathogens in peripheral corneal nerves, resulting in focal inflammation and opacification.
It must be recognised that some leprosy related ocular complications do not lead to vision loss; accordingly, we analysed the subset with PBLROP. Overall, 5.8%/patient year of our study population developed potentially blinding leprosy related ocular complications during MDT, which could result in vision loss over time if their condition(s) was not managed properly. If we include both the prevalence of PBLROP at the time of enrolment (9.6%) with the cumulative 2 year incidence of 5.8%/patient year we can estimate that approximately one fifth of MB leprosy patients will either have vision threatening LROP at diagnosis or will develop it during their treatment. We cannot extrapolate our data to estimate the incidence of ocular pathology in patients under recently recommended (6 month) short term MDT. However, based on these results, it seems likely that these patients are potentially at risk of vision threatening ocular complications during their treatment. 8 Patients with severe and extensive deformities in the limbs were observed to be more likely to have additional ocular problems. Having extensive limb deformities increased the risk of having incident potentially blinding leprosy related ocular conditions during MDT fivefold. These patients may be further along the natural history trajectory of leprosy and may have the most to lose from ocular pathology and visual impairment.
Clinic based cohort studies have well characterised limitations, which should be considered in evaluating these results. Our cohort had a relatively high follow up rate, making it less likely that losses to follow up biased our results. Complications of eye diseases were ascertained systematically according to standardised protocol throughout the study by a consistent set of ophthalmologists, in an effort to minimise any ascertainment biases. However, this study is potentially limited in that patients were managed at a leading, specialised leprosy centre. Therefore, these results may represent a best case scenario, and the rate of ocular complications might be higher for patients in a less intensive MDT programme.
In summary, the risk of ocular complications of leprosy during MDT for MB patients appears to be approximately 10 %/person year, with approximately 5.6 % experiencing a treatable vision threatening complication. Based on these rates, approximately 11% can be expected to develop new sight threatening ocular complications during a standard 2 year course of MDT, indicating that ophthalmic evaluation during MDT is necessary to prevent needless morbidity in patients who already may have substantial somatosensory impairment. Our experience suggests that evaluation at the start of MDT (all patients), during MDT (targeted), and at completion of MDT (all patients), as recommended in recent guidelines, is necessary. 19 While incorporation of ophthalmology care into leprosy control and national treatment programmes may be logistically difficult, the high rate of vision threatening ocular complications observed during MDT makes ophthalmic monitoring an important component of any programme for which prevention of disability is a major goal.
